Because no genes encoding osmotically or mechanically activated ion channels have been identified in vertebrates, we undertook a search for mammalian and avian homologs of OSM-9. We describe here a vertebrate osmotically gated ion channel that is related to 
Introduction tides. In a complementary strategy, a mixture of nucleotide probes corresponding to the transmembrane regions Most organisms are sensitive to osmotic and mechaniof OSM-9, VR1, and VRL-1 was used for low-stringency cal stimulation (French, 1992 ). This responsiveness is screening of a mouse hypothalamic cDNA library and thought to be mediated by ion channels that measure of an arrayed chicken inner-ear cDNA library (Heller et the tension in membranes (Kernan and Zuker, 1995; al., 1998) . This led to the isolation of murine and chicken Sackin, 1995) or in other elastic elements (Hudspeth and cDNAs homologous to the rat cDNA. Finally, the seGillespie, 1994). Stretch-activated channels have been quence of the human ortholog was retrieved from the isolated from bacteria and their molecular structure has high-throughput genomic-sequence database (Genbeen reported (Sukharev et al., 1994) . A stretch-sensitive Bank accession number AC007834) and completed by channel has also been identified in yeast (Kanzaki et al., PCR-based cloning from HEK293 cell cDNA. 1999); like the bacterial channels, this may be involved
The novel protein identified in the four species has in sensing osmotic stimuli. Finally, a group of genes have the primary structural characteristics of an ion channel been shown by genetic approaches in Caenorhabditis and is named VR-OAC, for vanilloid receptor-related elegans and Drosophila melanogaster to encode putaosmotically activated ion channel. The predicted amino tive ion channels involved in mechanosensation (mec-4, acid sequences of VR-OAC from the four species are mec-10, Osm-9, and NompC; Gu et al. Vr1 was localized on chromosome 11 between D11Mit7 and D11Mit36. The map positions for both genes represent chromosomal locations with conserved synteny between the murine and human genomes. performed by in situ hybridization. Although relatively faint signals are characteristically associated with lowabundance messages such as those for ion channels, Chromosomal Location of Vroac and Vr1 Genes We identified genomic sequence-tagged sites flanking we detected VR-OAC mRNA in several sites. In the central nervous system, VR-OAC was expressed in neurons the human VROAC locus and mapped the gene to chromosome 12q24 between the markers D12S1339 and of two circumventricular organs, the vascular organ of the lamina terminalis (VOLT) and the subfornical organ D12S2291. Because the human VR1 gene is located on chromosome 17 (Touchman et al., 2000) , VR-OAC and (SFO; Figures 4A, 4B , and 4D). The median preoptic area (MnPO) of the lamina terminalis also contained labeled VR1 stem from separate but related genes, rather than from splice variants of the same gene.
Expression of VR-OAC
neurons ( Figures 4A and 4D ). VR-OAC mRNA occurred in ependymal cells lining the choroid plexus of the lateral To establish the map positions of these genes in the mouse, we typed a radiation-hybrid panel and a BSS ventricles ( Figures 4C and 4D) ; the ependymal cells of the third ventricle, on the contrary, did not express VRinterspecific cross from the Jackson Laboratory with probes corresponding, respectively, to Vroac and Vr1.
OAC ( Figure 4A ). Scattered neurons in other regions of the brain, including the cerebral cortex, thalamus, hipVroac mapped to the distal arm of chromosome 5 between the anchored markers D5Mit25 and D5Mit188; pocampus, and cerebellum, expressed VR-OAC mRNA ing within a few seconds to 2 min, whereas isotonic noticeably increased at physiological temperatures stasis or hypertonic conditions did not ( Figure 7A ). Re-( Figure 6D) . Interestingly, the temperatures of greatest versal-potential measurements indicated that the chanresponsiveness differed between the rat and chicken nel's permeability to K ϩ slightly exceeds that to Na ϩ and VR-OACs. The maximal sensitivity of the rat VR-OAC that the permeability to Cl Ϫ is substantially lower. occurred at the mammalian core body temperature of VR-OACs displayed the dual rectification ( Figure 7B ) 37ЊC. For the chicken VR-OAC, maximal responsiveness found in some other members of the TRP superfamily corresponded to the avian core body temperature of (Caterina et al., 1999 worthy that the maximal sensitivity of VR-OAC at normal body temperatures ( Figure 6D) In studies of the effects of Ca 2ϩ and Gd 3ϩ on whole-cell currents, hypotonic test solutions included, respectively, 2 mM CaCl 2 or 500 were transfected with these vectors and selected with G418 (Life Technology, Gaithersburg, MD Kanzaki, M., Nagasawa, M., Kojima, I., Sato, C., Naruse, K., Sokabe,
